. fl |pK7> i 10/508971 

1 DT04 Rec'd PCT/PTO 2 4 SEP 200* 1 

DESCRIPTION 

ELECTROLYTE MEMBRANE -ELECTRODE ASSEMBLY, FUEL CELL USING THE 
SAME AND PRODUCTION METHOD THEREOF 

Technical Field 

The present invention relates to: an electrolyte 
membrane -electrode assembly for a polymer electrolyte fuel 
cell useful as consumer co- generation systems and mobile 
power- generating appliances, which directly uses, as a fuel, 
pure hydrogen, reformed hydrogen obtained from methanol or 
fossil fuels, or a liquid fuel such as methanol, ethanol and 
dimethyl ether, and, as an oxidant, air or oxygen; a fuel cell 
using the same; and a production method thereof. 

Background Art 

A polymer electrolyte fuel cell simultaneously 
generates electricity and heat by electrochemically reacting a 
fuel gas such as hydrogen and an oxidant gas such as air in a 
gas diffusion electrode having a catalyst layer such as 
platinum with use of a polymer electrolyte membrane, which 
selectively transfers hydrogen ions, as an electrolyte. 

A catalytic reaction layer mainly composed of a 
carbon powder carrying a platinum group metal catalyst and a 
polymer electrolyte covering the carbon powder is tightly 
attached to both surfaces of the polymer electrolyte membrane. 



On the outer face of the catalyst layers is tightly attached a 
pair of gas diffusion layers having gas permeability and 
electroconductivity . The gas diffusion layer and the 
catalytic reaction layer constitute a gas diffusion electrode. 
On the outer face of the gas diffusion electrode is disposed a 
conductive separator plate for mechanically fastening an 
electrode electrolyte membrane assembly comprising the polymer 
electrolyte membrane and the gas diffusion layer (hereinafter 
referred to as "MEA"), and at the same time for electrically 
interconnecting adjacent MEAs in series. The conductive 
separator plate has gas channels for supplying a reactant gas 
to the electrodes, and for conveying a surplus gas and water 
generated by a reaction. Although the gas channels may be 
arranged separately from the separator plate, grooves are 
usually formed on the surface of the separator plate to serve 
as gas channels . 

On the other face of the separator plate are 
provided cooling channels for circulating cooling water' so as 
to maintain the cell temperature constant. Due to the 
circulation of cooling water, a thermal energy generated by a 
reaction can be used in the form of hot water or the like. In 
order to supply and discharge such reactant gas and cooling 
water, channels called manifolds are provided <, 

Gaskets with sealing capability are arranged on the 
periphery of the electrodes to prevent gas leakage to the 
counter electrode or to the outside. Typically, an end plate 



is arranged at each end of a stack, in which a plurality of 
unit cells are stacked in one direction, and the two end 
plates are fixed with a clamping member in order to 
permanently clamp the whole stack. 

The gas diffusion electrode of this type of fuel 
cell mainly has three functions described below. The first 
function is to diffuse the reactant gas to uniformly supply 
the fuel gas or oxidant gas from gas channels formed on the 
outer face of the gas diffusion layer to a catalyst within the 
catalyst layer. The second function is to rapidly discharge 
water produced by a reaction in the catalyst layer to the gas 
channels . The third function is to conduct electrons required 
or produced by a reaction. 

Accordingly, the gas diffusion layer is required to 
have high gas permeability, high water discharge capability 
and high electronical conductivity. As a conventional 
technique for imparting gas permeability, the substrate for 
gas diffusion layer is designed to have a porous structure. 
For imparting water discharge capability, a water repellent 
polymer such as fluorocarbon resin is dispersed within the gas 
diffusion layer, thereby preventing water clogging (flooding) . 
For imparting electronical conductivity, the gas diffusion 
layer is made using an electronically conductive material such 
as carbon fiber, metal fiber and carbon fine powder. 

There are mainly three types of gas diffusion layers 
currently in use. One is what is called carbon paper. The 



second is what is called carbon cloth (fabric). The third is 
what is called carbon felt (non-woven fabric) . 

Carbon paper is carbon fibers made into the form of 
a sheet and has proper rigidity. It is usually used in a fuel 
cell whose stack is clamped with a predetermined clamping 
pressure because the substrate does not fall down into the gas 
channels of the separator plate and it is easy to be designed 
due to low pressure-loss. It is, however, difficult to 
control porosity, and flooding is likely to occur because 
carbon fibers are randomly oriented. Moreover, since carbon 
paper is in the form of a sheet, it is difficult to form it 
into a roll and its continuous production is also difficult, 
facing the challenge of reducing production cost . 

As for carbon cloth, since the fibers are oriented 
in a particular direction, it is relatively easy to control 
porosity. Accordingly, flooding is unlikely to occur during 
the supply of highly humidified reactant gas in the operation. 
Furthermore, since carbon cloth is a fabric, it is flexible 
and therefore continuous production can be achieved, thus 
offering an advantage in terms of production cost. Carbon 
felt is considered to be promising because its production cost 
is obviously the lowest. It has, however, the problem of 
reliability at present, and a rapid improvement in reliability 
is now expected to be made. In view of these points, carbon 
cloth is currently superior in terms of reliability, mass 
productivity and performance in a high humidity environment. 
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The use of carbon cloth as the substrate for gas 
diffusion layer for fuel cell has the above -described 
advantages; at the same time, it has many disadvantages. 
Since carbon cloth is a fabric, it has concave and convex 
portions in the thickness direction on the surface thereof, 
which are unavoidable. In a polymer electrolyte fuel cell 
intended to be thin in order to achieve higher performance, 
the carbon fibers of carbon cloth pierce the polymer 
electrolyte membrane to generate a micro short-circuit, 
thereby causing the lowering of voltage. Further, this micro 
short-circuit causes hydrogen and oxygen to react with each 
other in an electrode to cause a combustion reaction, which 
also lowers reliability due to the degradation of polymer 
electrolyte membrane. 

To cope with these problems, in a technique 
described in one prior art, Japanese Laid-Open Patent 
Publication No. Hei 10-261421, when a water repellent layer is 
formed on a carbon cloth, the carbon cloth is impregnated with 
a part of the water repellent layer from the surface of the 
carbon cloth and into the carbon cloth. It is not allowed to 
impregnate the whole carbon cloth with the water repellent 
layer. In other words, it is a technique for smoothing the 
concave and convex portions of the carbon cloth by the water 
repellent layer on the surface of the carbon cloth. This 
prior art reference, however, does not teach the technical 
idea of preventing the micro short-circuit as described above. 



Moreover, another prior art, Japanese Laid-Open 
Patent Publication No. 2001-85019, discloses a technique for 
preventing the micro short-circuit by forming a water 
repellent layer on the surface of a carbon cloth, which is '. 
then hot -pressed to smooth the concave and convex portions of 
the carbon cloth. 

Any of these prior art references, however, does not 
cope with a carbon cloth material itself. In other words, the 
prior art references are intended, not to prevent the surface 
concave and convex portions of the carbon cloth per se, but to 
smooth the water repellent layer or to smooth the whole gas 
diffusion layer substrate including the water repellent layer. 
Accordingly, these prior art references have limits in 
smoothing or preventing the micro short-circuit, and the 
manufacturing process thereof is complicated, which makes the 
production cost higher. 

Furthermore, the micro short-circuit results not 
only from the concave and convex portions but also from fuzz 
present on the gas diffusion substrate. 

Disclosure of Invention 

In order to solve these conventional problems, an 
object of the present invention is to provide an electrolyte 
membrane -electrode assembly (MEA) that can be used to produce 
a polymer electrolyte fuel cell with high reliability in which 
a micro short-circuit resulting from the piercing of a polymer 
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electrolyte membrane by carbon fibers is prevented. 

An MEA based on a first aspect of the present 
invention for achieving this purpose comprises a hydrogen ion 
conductive polymer electrolyte membrane and a pair of 
electrodes sandwiching the polymer electrolyte membrane; 
therebetween, the electrode comprising a catalyst layer and a 
gas diffusion layer attached to the polymer electrolyte 
membrane, wherein the gas diffusion layer comprises a fabric 
comprising a warp thread and a weft thread which are made of 
carbon fiber, and the distance X between adjacent 
intersections where the warp and weft threads cross each other 
and the thickness Y of the fabric satisfy the equation: 
1.4 ^ X/Y ^3.5. 

According to the first aspect of the present 
invention, the distance X between adjacent intersections is 
1.4 times or longer than the thickness Y of the fabric; 
therefore, it is possible to obtain the effect of reducing the 
concave and convex portions of the substrate surface. This 
prevents a micro short-circuit resulting from the piercing of 
the polymer electrolyte membrane by the carbon fibers of the 
fabric, eventually improving the performance of the fuel cell. 
If X is 3.5 times longer than Y, however, the electronical 
conductivity of the substrate serving as current collector 
will be lowered, leading to an undesirable voltage drop. 
Conversely, if X is less than 1.4 times longer than Y, the 
effect of reducing the concave and convex portions of the 
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substrate surface cannot be expected. 

In this first aspect, it is preferred that the 
height A and the width B of the warp thread, and the height C 
and the width D of the weft thread respectively satisfy 
0.2 ^ A/B ^0.4 and 0.1 ^ C/D ^0.4. This requirement enables 
the warp and weft threads to form an ellipse oblong in the 
surface direction, achieving the effect of reducing the 
concave and convex portions of the substrate surface. This 
prevents the piercing of the polymer electrolyte membrane by 
the fibers. If each of the above ratios exceeds 0.4, however, 
the desired reduction effect diminishes and the distance 
between the warp threads or that between the weft threads is 
likely to be long enough to eventually cause a polarization in 
the current collection of the fuel cell. Conversely, if A/B 
is less than 0.2, the warp threads are excessively loosened, 
making it difficult to produce a fabric with sufficient 
strength. Moreover, if C/D is less than 0.1, threads are 
likely to be separated to make the fabric surface rough, 
thereby reducing the current collecting ability of the fuel 
cell. Further, the contact resistance between the fabric and 
the catalyst layer, that between the fabric and the separator 
plate, and the electric resistance in the fabric are likely to 
increase to reduce the cell voltage. 

Furthermore, in a first aspect, it is preferable 
that the height C and the width D of the weft thread, which is 
placed vertically to the consecutive warp thread, satisfy 
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0.1 ^ C/D ^ 0.3. By coarsely weaving weft threads which are 
not required to be as strong as warp threads which are 
required to be strong, typically in a hooped cloth, it is 
possible to reduce the surface concave and convex portions of 
whole surface of the substrate and thus to prevent the 
piercing of the polymer electrolyte membrane by the fibers. 

Furthermore , in a first aspect, it is preferable 
that the substrate has a water repellent layer comprising a 
carbon fine powder and a water repellent resin on the surface 
on the catalyst layer side, and the water repellent layer has 
a thickness of 1 to 50 Mm. The formation of a layer having 
conductivity and water repellency on the substrate surface has 
the effect of increasing the distance between the polymer 
electrolyte membrane and the substrate when the polymer 
electrolyte membrane and the electrode are attached. Since 
this makes it possible to prevent the fibers from appearing on 
the electrode surface, the piercing of the polymer electrolyte 
membrane by the fibers can be prevented. For the purpose of 
preventing the micro short-circuit, the thicker the water 
repellent layer is, the better the effect is. An excessively 
thick water repellent layer, however, results in increased 
resistance, leading to performance degradation. Accordingly, 
the thickness is preferably not more than 50 urn. Conversely, 
if the thickness is thinner than 1 /zm, it is difficult to 
prevent the piercing of the polymer electrolyte membrane by 
the carbon fibers. In view of these points, a more preferred 
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thickness range is from 20 Mm to 30 Mm. 

Furthermore, in a first aspect, it is preferable 
that the polymer electrolyte membrane has a thickness of 9 to 
50 Mm. This has the effect of increasing the distance between 
the substrate on the positive electrode side and the substrate 
on the negative electrode side when the polymer electrolyte 
membrane and the electrode are attached. As a result, the 
performance degradation due to the micro short-circuit can be 
prevented o If the thickness is more than 50 Mm, however, the 
resistance to ion transfer increases to reduce ionic 
conductivity, leading to the lowering of the cell voltage. In 
addition, the use of such thick polymer electrolyte membrane 
is likely to increase the resistance to water diffusion, which 
affects the balance of water content in the polymer 
electrolyte membrane, thus making the membrane excessively wet 
or excessively dry. In order to prevent this, it is necessary 
to maintain the wetness of the polymer electrolyte membrane 
using a complicated control process during the operation of 
the fuel cell. Conversely, if the thickness is less than 9 Mm, 
the effect of increasing the distance between the substrate on 
the positive electrode side and the substrate on the negative 
electrode side cannot be expected. 

Furthermore, in a first aspect, it is preferred that 
the catalyst layer has a thickness of 1 to 30 Mm. This has the 
effect of increasing the distance between the polymer 
electrolyte membrane and the substrate when the polymer 
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electrolyte membrane and the electrode are attached and 
prevents the piercing of the polymer electrolyte membrane by 
the fibers- If the thickness is greater than 30 urn, however, 
the gas dif fusibility decreases to reduce the cell voltage. 
In addition, the ionic conductivity decreases, leading to the 
lowering of the cell voltage. Conversely, if the thickness is 
less than 1 Mm, the effect of increasing the distance between 
the polymer electrolyte membrane and the substrate cannot be 
expected. 

A polymer electrolyte fuel cell based on a second 
aspect of the present invention comprises : 

(1) an MEA based on the first aspect comprising a 
hydrogen ion conductive polymer electrolyte membrane and a 
pair of electrodes sandwiching the polymer electrolyte 
membrane therebetween, the electrode comprising a catalyst 
layer attached to the polymer electrolyte membrane and a gas 
diffusion layer, the gas diffusion layer comprising a fabric 
comprising a warp thread and a weft thread which are made of 
carbon fiber, the distance X between adjacent intersections 
where the warp and weft threads cross each other and the 
thickness Y of the fabric satisfying the equation: 

1.4^ X/ Y ^ 3.5; 

(2) a pair of conductive separator plates having a 
gas channel on the face in contact with the gas diffusion 
layer of the electrolyte membrane -electrode assembly and 
sandwiching the electrolyte membrane -electrolyte assembly 
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while contacting the gas diffusion layer of the electrolyte 
membrane -elect rode assembly, wherein (3) a clamping pressure 
of 1 to 20 kgf/cm 2 is applied onto the contact area where each 
of the electrodes and each of the conductive separator plates 
are in contact with each other. By setting the clamping 
pressure to be 20 kgf/cm 2 or less, it is possible to prevent 
the piercing of the polymer electrolyte membrane by the fibers 
of the gas diffusion layer substrate. A clamping pressure of 
less than 1 kgf/cm 2 , however, is not preferred because the 
contact resistance value excessively increases. 

In a method for producing an MEA based on a third 
aspect of the present invention, when an MEA is produced by 
disposing a pair of electrodes comprising a catalyst layer and 
the gas diffusion layer on a hydrogen ion conductive polymer 
electrolyte membrane such that each of the catalyst layer is 
in contact with the polymer electrolyte membrane to sandwich 
the hydrogen ion conductive polymer electrolyte membrane 
between the pair of electrodes, the rough surface of the 
carbon fabric is smoothed by heating the surface of the gas 
diffusion layer before disposing the gas diffusion layer on 
the polymer electrolyte membrane. Preferred heating 
techniques include: flame radiation by, for example, a burner 
or the like; laser radiation; a radiant heater; etc. By 
previously carrying out the smoothing treatment of the surface 
of the gas diffusion layer, it is possible to oxidize the fuzz 
of carbon fiber and the random asperities to remove them 
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without damaging the fiber skeleton of the carbon fiber, thus 
preventing the above- described micro short-circuit. 

Brief Description of Drawings 

FIG. 1 is a schematic sectional view illustrating 
the basic structure of a polymer electrolyte fuel cell using 
an MEA in one embodiment of the present invention. 

FIGs. 2A, 2B and 2C are plan views schematically 
illustrating, in cross section, a portion of the basic 
structure of fabrics (a plain weave fabric, a twill weave 
fabric and a sateen) which can be used for a gas diffusion 
layer for MEA in one embodiment of the present invention. 

FIGs. 3A and 3B are enlarged views of a plain weave 
fabric which can be used for a gas diffusion layer for MEA. 
To be more specific, FIG. 3A is a sectional view taken along a 
plane vertical to the longitudinal direction of a warp thread, 
and FIG. 3B is a sectional view taken along a plane vertical 
to the longitudinal direction of a weft thread. 

FIGs . 4A and 4B show other plain weave fabric which 
can be used for a gas diffusion layer for MEA in one 
embodiment of the present invention. To be more specific, FIG. 
4A is a schematic sectional view taken along a plane vertical 
to the longitudinal direction of a warp thread, and FIG. 4B is 
a sectional view taken along a plane vertical to the 
longitudinal direction of a weft thread. 

FIG. 5 is a characteristic graph showing the 
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relations between the X/Y value and the cell voltage, and 
between the X/Y value and the open cell voltage of a polymer 
electrolyte fuel cell in Examples and Comparative example of 
the present invention. 

FIG. 6 is a characteristic graph showing the ; 
relations between the A/B value and the cell voltage, and 
between the A/B value and the open cell voltage of a polymer 
electrolyte fuel cell in Examples and Comparative example of 
the present invention. 

FIG. 7 is a characteristic graph showing the 
relations between the C/D value and the cell voltage, and 
between the C/D value and the open cell voltage of a polymer 
electrolyte fuel cell in Examples and Comparative example of 
the present invention. 

FIG. 8 is a schematic system diagram showing a 
treatment process including a surface smoothing treatment of 
gas diffusion layer in Example and Comparative example of the 
present invention. 

FIG. 9 is a characteristic graph showing the 
relation between the current density and the cell voltage of < 
polymer electrolyte fuel cell in Example and Comparative 
example of the present invention. 

FIG. 10 is a characteristic graph showing the 
relation between the elapsed time and the cell voltage in a 
continuous operation test of a polymer electrolyte fuel cell 
in Example and Comparative example of the present invention. 
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Best Mode for Carrying Out the Invention 

First , an example of the basic structure of a unit 

i . 

cell of a polymer electrolyte fuel cell to be used in an 
embodiment of the present invention is described below 
referring to FIG. 1. r 

In FIG. 1, the reference numeral 11 represents a 
polymer electrolyte membrane which selectively transfers 
hydrogen ions. On both surfaces of the electrolyte membrane 
11 are respectively tightly attached catalyst layers 12a and 
12b mainly composed of a carbon powder carrying a platinum 
group metal catalyst with the use of a hot press or the like. 
On the outer faces of the catalyst layers 12a and 12b are 
attached a pair of gas diffusion layers 13a and 13b having 
both permeability and conductivity with the use of a hot press 
or the like. The combination of the gas diffusion layer 13a 
and the catalyst layer 12a, and that of the gas diffusion 
layer 13b and the catalyst layer 12b constitute a pair of 
electrodes 14a and 14b. On the outer faces of the electrodes 
14a and 14b are positioned a pair of conductive separator 
plates 16a and 16b. The conductive separator plates 16a and 
16b mechanically fasten an electrolyte membrane -electrode 
assembly (MEA) comprising the polymer electrolyte membrane 11 
and the pair of electrodes 14a and 14b sandwiching the 
membrane, and at the same time electrically interconnect 
adjacent MEAs in series . The conductive separator plates 16a 
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and 16b have gas channels 17a and 17b for supplying a react ant 
gas to the electrodes and conveying a surplus gas and a gas 

generated by a reaction on the side thereof that faces the 

f 

electrode. ! 

On the other sides of the separator plates 16a and 
16b are formed cooling channels 18a and 18b for circulating 
cooling water to maintain the cell temperature constant. By 
circulating cooling water in this manner, it is possible to 
utilize a thermal energy generated by a reaction in the form 
of hot water or the like. Although not shown in the figure, 
channels called manifolds are necessary to supply a gas and 
cooling water from the outside, and eventually to discharge 
them to the outside. There is an external manifold, which can 
be arranged outside a cell stack. But so-called internal 
manifold is commonly used, in which an aperture for supplying 
a reactant gas, one for discharging a reactant gas, one for 
supplying cooling water and one for discharging cooling water 
are formed inside a cell stack, more specifically, apertures 
formed in a conductive separator plate and those formed in the 
other elements of the cell stack are connected in series to 
form manifold apertures. 

Gaskets 15a and 15b with sealing function are 
arranged on the periphery of the electrodes 14a and 14b, in 
other words, on the periphery of the gas channels so as to 
prevent gas leakage to the counter electrode or to the outside 
Likewise, gaskets are also disposed on the periphery of each 
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manifold aperture and on the periphery of the cooling water 
channels. As the gasket, an O-ring, a rubber sheet, a 
composite sheet made of an elastic resin and a rigid resin and 
the like are used. In order to make an MEA easy to handle, a 
composite material gasket with a certain degree of rigidity is 
usually integrated into an MEA. It is to be noted that a 
polymer electrolyte fuel cell stack as described above is 
required to be constantly fastened so as to reduce the 
electrical contact resistance of elements such as a bipolar 
plate. In order to achieve this, it is effective to arrange 
both an insulating plate and an end plate at the top end as 
well as at the bottom end of a unit cell (or, in the case of a 
practical fuel cell, at the top end and the bottom end of a 
stack in which a plurality of unit cells are stacked in one 
direction) , and then to apply a clamping pressure onto both 
end plates with the use of a clamping member for fixing . A 
preferred clamping method is to clamp the whole surface of the 
unit cell as uniformly as possible, that is, to apply a 
clamping force uniformly onto the whole surface of the unit 
cell. From the viewpoint of mechanical strength, a metal 
material such as stainless steel is typically used for the 
clamping member such as the end plate. 

In the experiments of Examples described below, a 
conductive separator plate is additionally disposed to the top 
and bottom ends of the above -described unit cell, which is 
shown in FIG. L The added conductive separator plate and the 
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shown conductive separator plate 16a, and the other added 
conductive separator plate and the shown conductive separator 
plate 16b are respectively combined to form cooling water 
units so that cooling water flows in the cooling channels 18a; 
and 18b. Further, the gas channels 17a and 17b are designed 
to supply reactant gases, namely, a fuel gas and an oxidant 
gas. Further, in order to clamp the unit cell, rigid 
insulating plates are placed on the outer faces of the added 
conductive separator plates in the experiments, respectively. 
Then, a stack comprising the plurality of insulating plates 
and the plurality of conductive separator plates and the MEA 
is held by a pressing machine, and subsequently a pressure is 
applied to the unit cell (i.e. MEA) by the pressing machine. 
The term "pressure" used herein means the same as the clamping 
pressure to be applied using the above -described clamping 
member. Accordingly, it can also be expressed as "clamping 
pressure". 

The required function of the gas diffusion layer of 
the fuel cell involves complete supplying of the reactant gas 
to the whole surface of the catalyst layer through the gas 
channels of the separator plate. The separator plate has gas 
channels comprising a plurality of parallel grooves extending 
from the gas inlet manifold aperture to the outlet manifold 
aperture thereron, and reactant gases flow in the gas channels 
The gas diffusion layer is in contact with the rib portions 
(i.e. the portion between the grooves) of the separator, and 
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an electric current is collected therefrom. Accordingly, the 
gas diffusion layer is required not to interrupt the flow of 
the reactant gas which flows along the grooves formed on the 
separator plate, and the portion of the gas diffusion layer 
which is in contact with the ribs of the separator plate is 
required to diffuse the reactant gas to the catalyst layer 
portion which is not in contact with the gas channels. For 
this reason, the balance between the gas dif fusibility in the 
gas diffusion layer face direction and that in the direction 
vertical to the gas diffusion layer face direction is 
important . 

As for the substrate for the gas diffusion layer, 
the larger the area in contact with the ribs is, the more 
advantageous it is because the contact resistance can be 
reduced. Accordingly, it is preferred that carbon cloth is 
loosely woven because it becomes flexible when a clamping 
pressure is applied onto the cell. As for the fiber bundle 
which constitutes the cloth, it is effective to form a fiber 
bundle by twisting fibers loosely because the cloth made of 
the thus -obtained bundle is flexible. The greater the number 
of fiber bundles is, the thicker the carbon cloth is. This 
may cause the reactant gas supposed to flow along the grooves 
of the separator plate to flow within the gas diffusion layer, 
thereby sometimes losing the effect of the separator in which 
grooves are arranged such that the gas extends into the whole 
electrode. Accordingly, the number of fiber bundles and the 
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strength of the twist are preferably low, and the weaving is 
preferably loose, if the obtained carbon cloth is strong 
enough to withstand the tensile strength during mass 
production. It is preferred that the reactant gas flows along 
the gas channels of the separator, rather than it flows in the 
gas diffusion layer face direction, because the reactant gas 
ideally extends into the whole electrode. Therefore, the 
thinner the gas diffusion layer is , the more preferred it is 
if a certain amount of the reactant gas flows in the gas 
diffusion layer face direction. Further, the fiber diameter 
of the carbon cloth is preferably small. 

It should be noted that, although the contact area 
between the ribs of the separator plate and the gas diffusion 
layer is mentioned above, the contact area can also be 
expressed as the contact area between the separator plate and 
the electrode because the gas diffusion layer is part of the 
electrode . 

[I] Embodiment whose main point is the structure of gas 
diffusion layer 

In view of the above, the point of the present 
invention is that the gas diffusion layer comprises a fabric 
comprising a warp thread and a weft thread which are made of 
carbon fiber, and the distance X between adjacent 
intersections of the warp and weft threads and the thickness Y 
of the fabric satisfy the equation: 1.4 ^ X/Y ^3.5. Further, 
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it is preferred that the height A and the width B of the warp 
thread, and the height C and the width D of the weft thread 
respectively satisfy 0.2 ^ A/B ^0.4 and 0.1 ^ C/D ^ 0.4. 
These requirements are described below referring to FIGs. 2A, 
2B, 2C, 3A, 3B, 4A and 4B. 

FIGs. 2A # 2B and 2C are plan views schematically 
illustrating, in cross section, a portion of the basic 
structure of fabrics (a plain weave fabric, a twill weave 
fabric and a sateen) which can be used for the gas diffusion 
layer of MEA in this embodiment. 

In FIG. 2A, a plan view of a plain weave fabric 
comprising a warp thread 21a and a weft thread 22a is shown 
above, and a sectional view taken along a plane vertical to 
the longitudinal direction of the warp thread corresponding to 
the above plan view is shown below. As shown in the figure, 
the portion where the warp and weft threads cross each other 
is a substantially rectangular plane, and the intersection 
means the central point of the rectangular plane. As for the 
distance X between the adjacent intersections, the 
intersection distance between adjacent warp threads, that is, 
the intersection distance on the same weft thread is expressed 
as "Xal", and the intersection distance between adjacent weft 
threads , that is , the intersection distance on the same warp 
thread is expressed as "Xa2" in FIG. 2A. The thickness of the 
fabric is expressed as "Ya" e 

Similarly, in FIG. 2B, a plan view of a twill weave 
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fabric comprising a warp thread 21b and a weft threads 22b is 
shown above, and a sectional view taken along a plane vertical 
to the longitudinal direction of the warp thread corresponding 
to the above plan view is shown below. As shown in the figure, 
the portion where the warp and weft threads cross each other 
is a substantially rectangular plane, and the intersection 
means the central point of the rectangular plane. As for the 
distance X between the adjacent intersections, the 
intersection distance between adjacent warp threads, that is, 
the intersection distance on the same weft thread is expressed 
as "Xbl", and the intersection distance between adjacent weft 
threads, that is, the intersection distance on the same warp 
thread is expressed as "Xb2" in FIG. 2B. The thickness of the 
fabric is expressed as "Yb" . 

Likewise, in FIG. 2C, a plan view of a sateen 
comprising a warp thread 21c and a weft thread 22c is shown 
above, and a sectional view taken along a plane vertical to 
the longitudinal direction of the warp thread corresponding to 
the above plan view is shown below. As shown in the figure, 
the portion where the warp and weft threads cross each other 
is a substantially rectangular plane, and the intersection 
means the central point of the rectangular plane. As for the 
distance X between the adjacent intersection, the intersection 
distance between adjacent warp threads, that is, the 
intersection distance on the same weft thread is expressed as 
"Xcl", and the intersection distance between adjacent weft 
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threads, that is, the intersection distance on the same warp 
thread is expressed as "Xc2". The thickness of the fabric is 
expressed as "Yc". 

Although not apparent from the figures, each warp 
thread and each weft thread in FIGs 2A, 2B and 2C are fiber 
bundles formed by twisting a plurality of thin fibers. In the 
cases of these figures, one bundle is used. 

Next, FIGs. 3A and 3B are schematic sectional views 
of enlarged cross sections of a plain weave fabric which can 
be used for the gas diffusion layer for MEA in this embodiment. 
FIG. 3A is a sectional view taken along a plane vertical to 
the longitudinal direction of a warp thread, and FIG. 3B is a 
sectional view taken along a plane vertical to the 
longitudinal direction of a weft thread. Although FIGs. 3A 
and 3B are sectional views of a plain weave fabric comprising 
a warp thread 31 and a weft thread 32 similar to FIG. 2A, this 
is a diagram drawn to explain the intersection distance X 
which is one of featured points of the present invention, the 
thickness Y of the fabric, the height A and the width B of the 
warp thread, and the height C and the width D of the weft 
thread. It is to be noted that the warp thread 31 and the 
weft thread 32 are also respectively formed by twisting a 
plurality of thin fibers into one bundle. 

As shown in the figures, the distance between the 
intersections, each of which is the central point of the 
portion where the warp thread 31 and the weft thread 32 cross 
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each other, is referred to as "XI" between adjacent warp 
threads, and "X2" between adjacent weft threads. The 
intersection distances XI and X2 may be identical or different. 
Either case is acceptable if the requirement 1.4 ^ Xl/Y ^ 3.5, 
or 1.4 ^ X2/Y ^ 3.5 is satisfied. This can be applied to FIGs . 
2A, 2B and 2C if 1.4 < Xal/Ya ^3.5, 1.4 ^ Xa2/Ya ^ 3.5, 
1.4 £ Xbl/Yb ^3.5, 1.4 ^ Xb2/Yb ^3.5, 1.4 ^ Xcl/Yc ^3.5, or 
1.4 ^ Xc2/Yc ^3.5. 

In FIGs. 3A and 3B, it is preferred that the height 
A, the width B of the warp thread 31, and the height C and the 
width D of the weft thread 32 respectively satisfy 
0.2 ^ A/B ^ 0.4 and 0.1 ^ C/D ^0.4. Herein, A and C may be 
identical or different. Likewise, B and D may be identical or 
different. Furthermore, A/B value and C/D value may be 
identical or different . 

Although the above figures show the example of 
using one fiber bundle as each warp and weft thread, the 
thread formed by twisting a plurality of bundles can also be 
used in the present embodiment, that is, the present invention. 
By way of example, FIGs. 4A and 4B show the example of using a 
thread obtained by twisting two fiber bundles as each warp and 
weft thread, which is explained below. 

FIGs. 4A and 4B show other plain weave fabric which 
can be used for the gas diffusion layer for MEA in the 
embodiment of the present invention. To be more specific, FIG. 
4A is a schematic sectional view taken along a plane vertical 
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to the longitudinal direction of the warp thread, and FIG. 4B 
is a sectional view taken along a plane vertical to the 
longitudinal direction of the weft thread. As shown in the 
figures, the distance between the intersections, each of which 
is the central point of the portion where the warp thread 41 
and the weft thread 42 cross each other, is referred to as 
n Xl" between adjacent warp threads, and "X2" between adjacent 
weft threads. The intersection distances XI and X2 may be 
identical or different. Either case is acceptable if 
1.4 ^ Xl/Y ^3.5, or 1.4 ^ X2/Y ^3.5 is satisfied. In FIGs . 
4A and 4B, it is preferred that the height A and the width B 
of the warp thread 41, and the height C and the width D of the 
weft thread 42 respectively satisfy 0.2 ^ A/B ^0.4 and 
0.1 ^ C/D ^0.4. Herein, A and C may be identical or different. 
Similarly, B and D may be identical or different. Moreover, 
A/B value and C/D value may be identical or different. 

Although not shown in the figures, it is possible to 
use three or more fiber bundles to form each thread according 
to need. In addition, the number of fiber bundles in the warp 
thread and the number of fiber bundles in the weft thread may 
be different. 

The foregoing mainly explained the examples in which 
the fabric is a plain weave. The examples described below 
also use a plain weave fabric. The use of a twill weave or 
sateen as shown in FIGs. 2B and 2C, however, also achieves the 
object on which the present invention is based or produces a 
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preferred result if the above-described requirements or 
preferred requirements of the present invention are satisfied. 

Examples of carbon fiber for fabric made of carbon 
fiber, in other words, carbon fiber that constitutes carbon 
cloth include PAN-type fiber; pitch-type fiber, phenol-type 
fiber, rayon- type fiber, etc. Among them, a PAN-type carbon 
fiber has high strength and less rigidity than a pitch- type 
fiber or the like. It also has high conductivity because it 
contains fewer impurities. For this reason, a PAN-type fiber 
is preferred. A pitch- type fiber is highly conductive, and 
therefore it is expected to be highly effective as the current 
collector. It is, however, highly rigid and inferior to a 
PAN-type fiber in terms of preventing the piercing of the 
polymer electrolyte membrane by the fibers. A phenol-type 
fiber tends to be amorphous, and is inferior to a PAN-type 
fiber because it is not highly productive at the time of 
baking and its production cost is high. A rayon- type fiber has 
not so much strength and a drawback in durability. It usually 
requires to be reinforced by the addition of a resin before it 
is used as a fabric, and, due to the use of a resin, a rayon- 
type fiber tends to have a higher electric resistance value 
than other material. 

Next, in order to obtain a carbon fiber for 
producing such fabric, the baking temperature when carbonizing 
the material fiber is preferably not less than 1000°C in terms 
of reducing resistance. More preferred is a carbon fiber 
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graphitized at not less than 1500*0. 

The present invention is intended to prevent a micro 
short-circuit resulting from the piercing of a polymer 
electrolyte membrane by carbon fibers, and the thinner the 
polymer electrolyte membrane is, the greater the effect is. 
In particular, the effect is greatly enhanced when the polymer 
electrolyte membrane has a thickness of 30 fim or less. In 
addition, the thickness of the catalyst layer has as great an 
influence as that of the polymer electrolyte membrane. 
Particularly, the effect remarkably appears in a thin-film 
catalyst layer, which is recently developed to minimize the 
loss due to resistance element by the thickness. In order to 
further prevent the micro short-circuit, it is preferred to 
form a water repellent layer on the substrate of the gas 
diffusion layer and the thickness of the water repellent layer 
is preferably large enough to completely cover the substrate 
so that the carbon fiber is unable to be seen on the surface 
of the gas diffusion layer. If the thickness is too large, 
however, the degradation of gas dif fusibility and voltage 
reduction due to an increase in resistance occur. Preferred 
thickness of the water repellent layer is 1 to 50 urn from the 
substrate. 

[II] Embodiment whose main point is pre -smoothing treatment of 
the surface of gas diffusion layer 

Now, an embodiment based on another aspect of the 
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present invention is described. 

The point of this embodiment is, using an 
appropriate heating technique, to pre-heat the surface of a 
gas diffusion layer substrate which is mainly composed of a 
carbon fiber and used for MEA of a polymer electrolyte fuel 
cell. The feature of the heating treatment is to remove fuzz 
of carbon fiber and the random asperities, in other words, to 
make the not -smoothed surface of the gas diffusion layer 
smooth, thereby preventing a micro short-circuit between two 
electrodes that occurs during the formation of MEA by pressing 
or thermal pressing, in short, preventing a physical short- 
circuit. Additionally, a micro short-circuit that occurs due 
to the addition of a clamping pressure to a fuel cell stack 
can also be prevented. 

As the heating technique, flame radiation by a 
burner or the like, laser radiation, a radiant heater and the 
like are preferred, but there are other heating techniques, 
other than the above, which have effect in pre- smoothing 
treatment of the gas diffusion layer. 

The smoothing of the surface of the gas diffusion 
layer substrate composed mainly of a carbon fiber using the 
above-mentioned heating technique also creates the effect of 
removing hydrophilic functional groups present on the surface 
of the carbon fiber. This imparts water repellency to the 
carbon fiber from which hydrophilic functional groups are 
removed, and improves the moisture retention of the polymer 
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electrolyte contained in the MEA and the capability to rapidly 
and safely discharge excess water produced during the 
operation of the cell. 

The pre- smoothing treatment based on the present 
embodiment is effective even when the gas diffusion layer 
substrate is made of carbon paper, carbon cloth or carbon non- 
woven fabric mainly composed of a carbon fiber. 

When compared to one surface, i.e. catalytic 
reaction layer side, of the gas diffusion layer substrate and 
the other surface, i.e. separator plate side, thereof, the 
pre -smoothing treatment of the present embodiment is 
preferably performed only on the catalytic reaction layer side 
surface o The reason is as follows. By not performing the pre- 
smoothing treatment on the separator plate side surface of the 
gas diffusion layer substrate, the surface remains untreated 
and it is possible to maintain the surface not -smoothed with 
fuzz of carbon fiber and the like. This remaining not- 
smoothed surface attaches to the separator plate when 
incorporated into the cell stack, which is then clamped, 
thereby reducing the contact resistance between the gas 
diffusion layer and the separator plate. 

The pre- smoothing treatment step in which fuzz and 
the like are removed by the heating technique is preferably 
performed before the step of subjecting the gas diffusion 
layer substrate to the water repellent treatment or the step 
of forming a conductive water repellent layer composed mainly 
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of a carbon powder and a water repellent resin on the gas 
diffusion layer substrate. 

It is to be noted that, although the technique based 
on the present embodiment [II] has the effect of enhancing the 
effect of the technique based on the above -described 
embodiment [ I ] , it is not necessarily premised on the 
technique based on the above embodiment [I]. The effect 
thereof can be achieved even when it is premised on another 
gas diffusion layer structure. 

In the following, the present invention or the 
present embodiment is specifically described using examples . 

[I] Example whose main point is gas diffusion layer structure 

First of all. Examples 1 to 3 and Comparative 
example 1 are described as examples whose main point is gas 
diffusion layer structure of the present embodiment. 

Example 1 

First, one hundred polyacrylonitrile (PAN) fibers 
with a thickness of 7 um were twisted into a bundle. Then, 
the two obtained bundles were twisted to give a thread. The 
obtained threads serving as warp and weft threads were woven 
into a plain weave fabric as schematically shown in FIGs. 4 A 
and 4B. The obtained fabric was heated under a nitrogen 
atmosphere at 1500*0 for 6 hours for graphitization to give a 
carbon cloth, that is, a substrate for gas diffusion layer. 
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This substrate is referred to as base substrate M S1". The 
distance X between adjacent intersections in the obtained 
carbon cloth was 600 um and the thickness Y was 280 urn. Thus, 
X/Y was 2.1. Furthermore, the height A of the warp thread and 
the height C of the weft thread were respectively 140 #m, the 
width B of the warp thread and the width D of the weft thread 
were respectively 4 50 (im. Accordingly, A/B and C/D were 
respectively 0.3. 

Subsequently, a diluted FEP dispersion was prepared 
by mixing 1 parts by weight of a dispersion of FEP 
(f luoroethylene propylene, more specifically, a copolymer of 
teraf luoroethylene and hexaf luoropr opy lene ) manufactured by 
DAIKIN INDUSTRIES, LTD. (trade name: Neoflon ND-1) with 10 
parts by weight of water. The base substrate SI was immersed 
in the diluted dispersion for 1 minute and then lifted from 
the dispersion. The lifted base substrate SI was dried first 
at 60°C for 30 minutes and then at 280°C for 1 hour to give a 
base substrate SI with its surface treated with the water 
repellent resin. The obtained substrate was referred to as 
"S2". Carbon cloth lint was found in the remaining of the FEP 
dispersion after the water repellent treatment. The lint was 
carbon fiber pieces cut from the fabric when the fabric was 
cut. This lint was left in the diluted FEP dispersion. 

Then, 5 parts by weight of acetylene black and 1 
part by weight of PTFE ( poly tetraf luoroethylene) were mixed 
with 20 parts by weight of water to give an aqueous dispersion 
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The dispersion was applied on one surface of the substrate S2 
obtained above by a doctor blade, which was then dried first 
at 60°C for 1 hour and then 300 C C for 15 minutes to give a gas 
diffusion layer substrate. This gas diffusion layer substrate 
(GDL) was referred to as n Gl", The obtained gas diffusion 
layer substrate Gl had a water repellent layer with a 
thickness of 30 ^m. 

Next, a 25 fim thick polymer electrolyte membrane 
(trade name: Nafion 111) manufactured by E.I. Du Pont de 
Nemours & Co. Inc. of USA was prepared. Meanwhile, a catalyst 
comprising 100 parts by weight of carbon fine powder (trade 
name: Ketjen Black EC) manufactured by Lion Corporation and 
100 parts by weight of platinum catalyst carried on the carbon 
fine powder was mixed with 100 parts by weight of 
perf luorocarbon sulfonic acid resin, the same polymer material 
as that of Nafion 111 membrane, which was then applied on both 
surfaces of the polymer electrolyte membrane to form a coating 
film thereon. The coating film was joined to the polymer 
electrolyte membrane by thermal welding at 120^; thereby, a 
catalyst layer with a thickness of 20 urn was respectively 
formed on both surfaces of the polymer electrolyte membrane. 
The two obtained gas diffusion layer substrates Gl produced 
above were prepared. The two gas diffusion layer substrates 
Gl were respectively arranged on the catalyst layers formed as 
above such that the water repellent layer of each substrate Gl 
is attached to each catalyst layer, and the thus -obtained 
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stack was then hot -pressed at 100°C for 3 minutes to give an 
electrolyte membrane -electrode assembly (MEA) . The ME A in as- 
produced condition, that is, the MEA without pressure, i.e. 
clamping pressure, applied in the stacked direction was 
referred to as "Ml". 

As described referring to FIG. 1 in the above 
embodiment, conductive separators made of carbon, which are 
equipped with a plurality of grooves serving as gas channels 
on the surface to be in contact with the gas diffusion layer 
substrate Gl of the MEA, were respectively disposed on the MEA. 
Furthermore, a gasket assembly was also disposed as described 
above, and the MEA was sandwiched by the two conductive 
separator plates. On each of the conductive separator plates, 
a conductive separator plate for forming a cooling water unit 
was placed to give a unit cell base structure. On each of the 
separator plates for cooling water unit of the unit cell base 
structure, an insulating plate was disposed. Finally, a 
pressing machine equipped with two flat press -platens was 
prepared and a pressure was applied in the following manner. 
Specifically, the unit cell stack was held between the two 
flat press-platens such that each of the insulating plates on 
the unit cell stack was in contact with each of the flat 
press -platens . Then, a pressure of 10 kgf/cm 2 was applied by 
the pressing machine per the area where the rib portion 
between gas channels of the separator is in contact with the 
gas diffusion layer substrate Gl of the MEA in order to press 
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the unit cell; thereby, a test fuel cell Fl according to the 
present example 1 was produced. 

The thus -obtained fuel cell Fl according to the 

■j 

present example, and the MEA (Ml) used therefor, the gais 
diffusion layer substrate Gl used therefor, the substrate S2 
used therefor and the base substrate SI used therefor and 
produced at the beginning of the present example were 
respectively measured for particular characteristics . The 
following describes the procedure. 

First, micro short-circuit detection test was 
performed as follows . There were prepared two base substrates 
SI, two substrates S2, two gas diffusion layer substrates Gl. 
Using two substrates, for example, two SI substrates were 
allowed to hold therebetween a Nafion 111 polymer electrolyte 
membrane with a thickness of 25 Mm, the same thickness as the 
above, to give an MEA for this test. On the outer faces of 
the test MEA, two copper metal plates plated with gold were 
disposed. Further, on the outer faces thereof, two rigid 
insulating plates were arranged; thereby, a stack for this 
test was produced. The test stack was held by the pressing 
machine, onto which a surface pressure of 10 kgf/cm 2 was 
applied. With that pressure applied, a DC voltage of 200 mV 
was applied between the two metal plates. Then, the 
resistance value between the two metal plates, i.e. the 
resistance value of the test MEA, was calculated. 

In the micro short-circuit detection test of the MEA 
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(Ml), two copper metal plates plated with gold analogous to 
those used in the above were allowed to directly hold the MEA. 
On the outer faces thereof, two rigid insulating plates^ were 
disposed; thereby, a stack for this test was produced. : 
Similar to the above, a surface pressure of 10 kgf/cm 2 was 
applied to the stack for this test using the pressing machine, 
and at the same time a DC voltage of 200 mV was applied 
between the two metal plates. Thereby, the resistance value 
of the MEA (Ml) was calculated. 

Finally, as for the test fuel cell Fl , a DC voltage 
of 200 mV was directly applied between the two conductive 
separator plates respectively attaching to each surface of the 
MEA contained in the test fuel cell Fl. Thereby, the 
resistance value of the MEA contained in the test fuel cell Fl 
was calculated. 

The calculation for the resistance value thereof 
using a DC voltage of 200 mV was made as follows . 
Specifically, the initial transient current flowing through 
the MEA right after the application of a DC voltage of 200 rhV 
is a large electric current because of the ionic conductivity 
of the MEA. Accordingly, after the effect of the ionic 
conductivity ran out and the electric current entered a steady 
state, a current value was measured with a voltage of 200 mV 
applied. As a sufficient interval, a 5 -minute interval from 
the application of the voltage was selected in each 
measurement. The resistance value (kQ • cm 2 ) to be determined 
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was obtained by dividing the voltage value applied (200 mV) by 
the measured current value, which was then multiplied by the 
area of the measured MEA (the area of the gas diffusion layer 
substrate) . 

The resistance value of each test MEA obtained 
through the measurement and the calculation is shown in the 
row of Example 1 of Table 1 given below. 

Then, the test fuel cell Fl was put through a unit 
cell durability test described below in order to evaluate 
reliability. 

Specifically, the fuel cell Fl was put through 1000 
cycles of repeated operation and shutdown while a pure 
hydrogen gas was supplied to one gas diffusion layer substrate 
serving as the fuel electrode, and air was supplied to the 
other gas diffusion layer substrate serving as the air 
electrode. The conditions for the test were as follows. The 
cell temperature was maintained at 75°C, and the fuel gas 
utilization rate, the air utilization rate and the current 
density were respectively set at 75%, 40% and 0.2 A/cm 2 . 
Further, the fuel gas and the air were heated and humidified 
to have a dew point of 75*0 through bubblers respectively 
before they were supplied to the fuel cell Fl. Under this 
condition, the fuel cell Fl was operated for 3 hours as a 
hydrogen-air fuel cell, and then shut down for 1 hour. The 
cycle of 3-hour operation and 1-hour shutdown was repeated. 
Based on this reliability evaluation test, the cell voltage at 
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the first cycle when operated at a current density of 0.2 
A/cm 2 , the cell voltage at the 1000th cycle when operated at a 
current density of 0.2 A/cm 2 were measured, and the open cell 
voltage with no load was also measured before the operation of 
the first cycle with the heated and humidified fuel gas and 
air supplied. The results for the measurement are shown in 
the row of Fl of Table 3 given below. 

It is to be noted that the cell voltage at the first 
cycle and the cell voltage at the 1000th cycle used herein 
mean the average values of the cell voltages measured 
continually during the last 10 minutes, i.e. 10 minutes 
between 2 hours and 50 minutes and 3 hours after the start of 
the operation, of the 3 -hour operation at the first and the 
1000th cycle. 

In the same manner as the test fuel cell Fl using 
the base substrate SI in accordance with Example 1 described 
above was produced, eight additional base substrates Sla to 
Slh were produced by varying X/Y value within the range of 1.4 
to 3.5 and also changing A/B value and C/D value . Using the 
base substrates, eight additional test fuel cells Fla to Flh 
were produced. Subsequently, the effects of the changes of 
X/Y value, A/B value and C/D value on the open cell voltage, 
the cell voltage at the first cycle and the cell voltage at 
the 1000th cycle of the test fuel cell were investigated. The 
row of the base substrate SI of Table 2 given below shows the 
data of the above -produced base substrate SI that has already 
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shown in Table 1, the rows of Sla to Slh show the data of the 
newly produced base substrates . The rows of the test fuel 
cells Fla to Flh of Table 3 show the data of the newly : 
produced test fuel cells . 

Comparative example 1 

A base substrate CS1 in accordance with Comparative 
example 1 was produced in the same manner as the base 
substrate SI was produced in Example 1, except that the values 
of X, Y, A, B, C and D were altered. The obtained carbon 
cloth of the base substrate CS1 had a distance X between 
intersections of 400 urn and a thickness Y of 320 um. The 
height A of the warp thread and the height C of the weft 
thread were respectively 160 Mm, and the widths B and D were 
respectively 380 Mm. Accordingly, X/Y value was 1.3, A/B 
value and C/D value were respectively 0.4. 

Then, a substrate CS2 whose surface was treated with 
a water repellent resin, a gas diffusion layer substrate CGI 
using the substrate CS2, an MEA using the gas diffusion layer 
substrate CGI (CM1), and a test fuel cell CF1 using the MEA 
(CM1) were produced as the first sample group of Comparative 
example 1 in the same manner as in Example 1 . 

Those in the first sample group were put through the 
same resistance value measurement and cell voltage measurement 
as those performed in Example 1. Their results are shown in 
the rows of Comparative example 1 of Table 1 and the row of 
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CF1 of Table 3. 

In the same manner as the test fuel cell CF1 using 
the base substrate CS1 in accordance with Comparative example 
1 described above was produced, three additional base 
substrates CSla, CSlb and CSlc were produced by altering X/Y 
value, A/B value and C/D value as comparative examples. Using 
the base substrates, three additional test fuel cells CFla, 
CFlb and CFlc were produced as the second sample group. 
Subsequently, the effects of the changes of X/Y value, A/B 
value and C/D value on the open cell voltage, the cell voltage 
at the first cycle and the batter voltage at the 1000th cycle 
of the test fuel cell were investigated. The row of the base 
substrate CS1 of Table 2 shows the data of the above -produced 
base substrate CS1 that has already shown in Table 1, and the 
rows of CSla, CSlb and CSlc show the data newly produced base 
substrates. Further, the rows of CFla, CFlb and CFlc of Table 
3 show the data of the newly produced test fuel cells . 

Example 2 

In this example, a substrate and a test fuel cell as 
described below were produced in the same manner as in Example 
1, except that a plain weave fabric comprising a warp thread 
comprising two bundles twisted and a weft thread comprising 
one bundle was used instead of the plain weave fabric of 
Example 1. 

First, a bundle was formed by twisting 100 PAN 
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fibers with a diameter of 15 urn, and another same bundle was 
formed. Then, two bundles formed as above were twisted to 
prepare a warp thread. Next, a weft thread was prepared by 
twisting 100 PAN fibers with a diameter of 15 Mm. A plain 
weave fabric was formed using the obtained warp and weft 
threads. The plain weave fabric was heated at 1500°C under a 
nitrogen atmosphere for 6 hours for graphitization to give a 
base substrate. This base substrate is referred to as "S3". 
The obtained carbon cloth had a distance X between 
intersections of 500 urn and an intersection thickness Y of 250 
urn. Accordingly, X/Y was 2.0. Additionally, the warp thread 
had a height A of 140 urn and a width B of 450 i±m, and a weft 
thread had a height C of 110 fim and a width D of 450 urn. Thus, 
A/B was 0.3 and C/D was 0.2. 

Subsequently, the base substrate S3 was put through 
the same processes as in Example 1, and a substrate S4 whose 
surface treated with the water repellent resin and a gas 
diffusion layer substrate G2 obtained by forming the water 
repellent layer on one side surface of the substrate S4 were 
procured. Using the same manner as in Example 1, the catalyst 
layer was formed on both surfaces of the polymer electrolyte 
membrane, and, on the outer face thereof, the gas diffusion 
layer substrate G2 was disposed such that its water repellent 
layer and the catalyst layer are in contact with each other, 
thereby giving an MEA (M2). Using the MEA (M2), a test fuel 
cell F2 was produced. 



Those in this sample group were put through the same 
resistance value measurement and cell voltage measurement as 
those performed in Example 2 . Their results are shown in the 
rows of Example 2 of Table 1 and the row of F2 of Table 3. It 
is to be noted that the row of S3 of Table 2 shows the data 
corresponding to those in Table 1 . 

Example 3 

In this example, a substrate and a test fuel cell as 
described below were produced in the same manner as in Example 
2; however, unlike Example 2, a base substrate was not 
surf ace- treated with the water repellent resin. 

To be more specific, a substrate was produced by 
forming the water repellent carbon layer on one face of the 
base substrate S3 produced in Example 2, in the same manner as 
in Example 1. Then, a gas diffusion layer substrate G3 using 
the substrate, an MEA using the gas diffusion layer substrate 
G3 (M3), and a test fuel cell F3 using the MEA were produced 
in the same manner as in Example 1 . 

Those in this sample group were put through the same 
resistance value measurement and cell voltage measurement as 
those performed in Example 1. Their results are shown in the 
rows of Example 3 of Table 1 and the row of F3 of Table 3. 
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0.4 




CSlc 


900 


250 


3.6 


140 


450 


0.3 


110 


450 


0.2 


Exs.2, 
3 


CS3 


500 


250 


2.0 


140 


450 


0.3 


110 


450 


0.2 



Table 3 



Ex./ 
Comp . Ex . 


Test 
fuel 
cell 


Base 
substrate 


Open 
cell 
voltage 
(mV) 


Cell voltage during 
operation (mV) 


1st 
cycle 


1000th 
cycle 


Ex.1 


Fl 


SI 


951 


780 


778 


Fla 


Sla 


907 


762 


713 


Fib 


Sib 


929 


773 


770 


Flc 


Sic 


935 


764 


748 


Fid 


Sid 


942 


776 


734 


Fie 


Sle 


952 


752 


701 


Flf 


Slf 


948 


754 


725 


Fig 


Slg 


945 


747 


722 


Flh 


Slh 


939 


750 


700 


Comp. 
Ex.1 


CF1 


CS1 


918 


762 


651 


CFla 


CSla 


800 


709 


502 


CFlb 


CSlb 


820 


728 


549 


CFlc 


CSlc 


928 


731 


676 


Ex.2 


F2 


S2 


952 


782 


781 


Ex.3 


F3 


S3 


947 


777 


769 



As shown in Tables 1 and 2, the substrates produced 
in Examples 1 and 2 exhibited higher resistance values than 
those produced in Comparative example 1. This indicates that 
the micro short-circuit can be reduced when they are used as 
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fuel cells. Thereby, it is possible to provide a fuel cell 
with high reliability. The substrates whose ratio of the 
distance X between adjacent intersections where the warp and 
weft threads cross each other to the intersection thickness Y 
was 1.4^ X/Y ^3.5 had an improved elasticity in the 
direction vertical to the face of the substrate, in other 

i 

words, in the thickness direction of the substrate. Therefore, 
it is also evident that even after a pressure was applied to 
both faces of the substrate, the surface concave and convex 
portions were reduced and the piercing of the polymer 
electrolyte membrane by the carbon fibers was prevented. 

Conversely, it is apparent that, in the substrate 
with low elasticity in the thickness direction of the 
substrate like a conventional substrate produced in 
Comparative example, the carbon fibers pierced the polymer 
electrolyte membrane to cause a micro short-circuit, thereby 
reducing the resistance value. The effect of preventing the 
micro short-circuit was also able to be observed in the, carbon 
cloth with water repellent -treated surface and the substrate 
with the water repellent carbon layer formed on the surface 
thereof . 

FIGs. 5, 6 and 7 are characteristic graphs obtained 
by plotting, on the graphs, the data of Examples 1 to 3 and 
Comparative example 1 shown in Tables 2 and 3. The vertical 
axis of each graph represents the cell voltage and open cell 
voltage of each fuel cell. Regarding the cell voltage, both 
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the cell voltage at the first cycle and the one at the 1000th 
cycle were plotted to form characteristic curves. The 
horizontal axes respectively represent X/Y value, A/B value 
and C/D value. Each of the graphs show average characteristic 
curves describing the distributions of V0 representing the 
open cell voltage, VI representing the cell voltage at the 
first cycle and Vlk representing the cell voltage at the 
1000th cycle. 

As is evident from these graphs, the fuel cells 
using the substrate whose ratio of the distance X between 
adjacent intersections where the warp and weft threads cross 
each other to the intersection thickness Y was 1.4 ^ X/Y ^ 3.5 
exhibited better results than the conventional fuel cell 
produced according to Comparative Example 1. Additionally, 
the substrates in which the distance X and the thickness Y 
satisfies 1.4 ^ X/Y ^3.5 and the height A and the width B of. 
the warp thread and the height C and the width D of the weft 
thread satisfy 0.2 ^ A/B ^0.4 and 1 ^ C/D ^0.4 exhibited 
better characteristics . 

Now, the relation between the theoretical value of 
the open cell voltage and the open cell voltage of the 
practical fuel cell described above is explained. It is well 
known that, when a hydrogen electrode is used as the fuel 
electrode and an oxygen electrode is used as the oxidant 
electrode, the theoretical value of the open cell voltage, 
that is, the electric potential difference between the 



hydrogen and oxidant electrodes is about 1230 mV. Since the 
electrolyte membrane is thin or the electrolyte membrane has 
pores in the practical fuel cell, a cross leak between 
hydrogen and oxygen occurs. Therefore, the open cell voltage 
is lower than the theoretical value. If the electrolyte 
membrane thickness and the pores of the electrolyte membrane 
are compared, the pores affect the open cell voltage more. In 
the above experiments, this is the reason that the open cell 
voltages of Examples and Comparative example were below 1230 
mV. 

Since a gas is fed into a fuel cell mainly from 
outside as the fuel for power generation, it is of importance 
that a fuel cell has high sealing property. Accordingly, it 
is necessary to apply a clamping force in order to prevent a 
gas leakage. However, the pressure is applied from both faces 
of the electrodes to the center of the polymer electrolyte 
membrane, from the outer surfaces to the polymer electrolyte 
membrane; thus, the carbon fibers constituting the gas 
diffusion electrode substrate pierce the thin film polymer 
electrolyte membrane, causing a micro short-circuit. The fuel 
cell with internal short-circuit has low initial performance, 
and the area of short circuit enlarges with the passage of 
time, thus reducing the voltage. When the cell is 
continuously operated for power generation, the polymer 
electrolyte membrane is always in the state of over saturation 
with water and therefore the distance between the facing 
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carbon cloths serving as the gas diffusion electrode 
substrates is increased due to the swelling of the polymer 
electrolyte membrane. Conversely, when the operation is 
stopped, the polymer electrolyte dries and contracts , thereby 
reducing the distance between the electrodes. Accordingly, 
during the repetition of operation and shutdown, the carbon 
fibers of the gas diffusion electrode substrate gradually 
pierce the polymer electrolyte membrane, and the area of micro 
short-circuit gradually enlarges. 

As described above, it was confirmed that, in the 
base substrate, gas diffusion layer substrate, or fuel cell 
using them in accordance with this embodiment, the use of a 
carbon cloth in which the ratio of the distance X between 
adjacent intersections where the warp and weft threads cross 
each other to the intersection thickness Y satisfies 
1.4 ^ X/Y ^3.5 and the height A and the width B of the warp 
thread and the height C and the width D of the weft thread 
respectively satisfy 0.2 ^ A/B ^ 0.4 and 0.1 ^ C/D ^0.4 can 
further prevent the carbon fibers from piercing the polymer 
electrolyte membrane and reduce the micro short-circuit when 
the fuel cell is clamped and operated, thereby providing a 
fuel cell with high reliability. In was also confirmed in 
other experiments that when the ratio of A/B or that of C/D 
exceeds 0.4, the desired reduction effect diminishes and the 
distance between the warp threads or that between the weft 
threads is likely to be long enough to eventually cause a 
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polarization in the current collection of the fuel cell. On 
the other hand, when A/B is less than 0.2, the warp threads 
are excessively weakened, making it difficult to produce a 
fabric with sufficient strength. Furthermore, when C/D is 

less than 0.1, threads are likely to be separated to make the 

.t ■ - . , 

fabric surface rough, thereby reducing the ability of the fuel 
cell to collect a current. It was also confirmed that the 
contact resistance between the fabric and the catalyst layer, 
that between the fabric and the separator plate and the 
electric resistance in the fabric are likely to increase to 
reduce the cell voltage. 

Although not apparent from the description of the 
above examples, other experiments also revealed that there are 
additional preferred requirements in the present embodiment, 
which are described below. 

First, it was confirmed in other experiments that, 
when a consecutive warp thread is used and a weft thread is 
disposed vertical thereto, that is, when the fabric is wound 
in the direction of the warp thread, the height C and the 
width D of the weft thread preferably satisfy 0.1 ^ C/D ^ 0.3. 
It was found that, in a consecutive cloth, typically in a 
hooped cloth, by coarsely weaving weft threads which are not 
required to have strength on the contrary to warp threads 
which are required to have strength, it is possible to reduce 
the surface concave and convex portions of the whole substrate 
and to prevent the piercing of the polymer electrolyte 
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membrane by the fibers. 

Next, it was confirmed that in other experiments 
that it is preferred that the substrate has a water repellent 
layer comprising a carbon fine powder and a water repellent 
resin on the surface of the substrate on the catalyst layer 
side, and the water repellent layer has a thickness of 1 to 
50 Mm. The substrate whose surface is conductive and having a 
layer with water repellency has the effect of increasing the 
distance between the polymer electrolyte membrane and the 
substrate when the polymer electrolyte membrane and the 
electrode are attached. It was also confirmed that this can 
further prevent the fibers from appearing on the electrode 
surface, whereby the piercing of the polymer electrolyte 
membrane by the fibers can be prevented. In order to reduce 
the micro short-circuit, the thicker the water repellent layer 
is, the better the effect becomes. An excessively thick water 
repellent layer, however, results in increased resistance, 
leading to performance degradation. Accordingly, the 
thickness is preferably not more than 50 Mm. It was found 
that when the thickness is less than 1 Mm, on the other hand, 
it is difficult to prevent the piercing of the polymer 
electrolyte membrane by the carbon fibers. In view of these 
points, it was also found that a more preferred thickness 
range is from 20 to 30 Mm. 

It was further confirmed in other experiments that 
the polymer electrolyte membrane preferably has a thickness of 
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9 to 50 Mm. This thickness range has the effect of increasing 
the distance between the substrate on the positive electrode 
side and the substrate on the negative electrode side when the 
polymer electrolyte membrane and the electrode are attached. 
As a result, the performance degradation due to the micro 
short-circuit can be prevented. It was confirmed, however, 
when the thickness is greater than 50 Mm, the resistance to 
ion transfer increases to reduce ionic conductivity, leading 
to the lowering of the cell voltage. In addition, it was 
confirmed that the use of such thick polymer electrolyte 
membrane is likely to increase the resistance to water 
diffusion, which affects the balance of water content in the 
polymer electrolyte membrane, making the membrane excessively 
wet or excessively dry. It was also confirmed that when the 
thickness is less than 9 Mm, on the other hand, the effect of 
increasing the distance between the substrate on the positive 
electrode side and the substrate on the negative electrode 
side cannot be expected. 

Furthermore, it was confirmed in other experiments 
that the catalyst layer preferably has a thickness of 1 to 30 
Mm. This thickness range has the effect of increasing the 
distance between the polymer electrolyte membrane and the 
substrate when the polymer electrolyte membrane and the 
electrode are attached, whereby the piercing of the polymer 
electrolyte membrane by the fibers can be prevented. When the 
thickness is greater than 30 Mm, however, the gas 
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dif fusibility decreases to reduce the cell voltage. It was 
also confirmed that the ionic conductivity decreases, thereby 
leading to the lowering of the cell voltage. It was also 
found that when the thickness is less than 1 tim, on the other 
hand, the effect of increasing the distance between the 
polymer electrolyte membrane and the substrate cannot be 
expected. On the other hand, it was confirmed that the effect 
of increasing the distance between the polymer electrolyte 
membrane and the substrate cannot be expected. 

Further, it was confirmed in other experiments that 
it is preferred to apply a clamping pressure of 1 to 20 
kgf /cm 2 per the contact area between each electrode and each 
conductive separator plate of the polymer electrolyte fuel 
cell comprising: the MEA in which the distance X between 
adjacent intersections where the warp and weft threads cross 
each other and the thickness Y of the fabric satisfy the 
equation 1.4 ^ X/Y ^3.5; and a pair of conductive separator 
plates with gas channels on the surface in contact with the 
gas diffusion layer of the MEA. It was found that, by setting 
the clamping force at not greater than 20 kgf /cm 2 , it is 
possible to prevent the fibers of the gas diffusion layer from 
piercing the polymer electrolyte membrane. However, the 
clamping pressure of less than 1 kgf /cm 2 is not preferred 
because the cell voltage is likely to decrease due to the 
increases in the contact resistance at a plurality of portions 
and in the electric resistance within the fabric. It is to be 
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understood that the contact resistance at a plurality of 
portions means the contact resistance between the fabric and 
the catalyst layer, that between the fabric and the separator 
plate, that between the electrolyte membrane and the catalyst 
layer and that between separator plates when a plurality of 
cells are stacked. 

[II] Example whose main point is pre-smoothing treatment of 
the surface of gas diffusion layer 

Now, Example 4 and Comparative example 2 are 
described as examples whose main point is pre-smoothing 
treatment of the surface of the gas diffusion layer. 

Example 4 

This example used flame radiation, laser radiation 
and an electric heating radiation as the heating technique for 
the heating step for pre-smoothing the gas diffusion layer 
surface. Among them, the case of using flame radiation is 
described below as a first embodiment. 

First, a fabric to be subjected to pre-smoothing 
treatment was prepared as follows using the same method as the 
base substrate was produced in Example 1. Specifically, 100 
polyacrylonitrile (PAN) fibers with a thickness of 7 //m were 
twisted into a bundle. Then, the two obtained bundles were 
twisted to give a thread. The obtained threads serving as 
warp and weft threads were woven into a plain weave fabric as 
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schematically shown in FIGs . 4A and 4B. The obtained fabric 
was heated at ISOOt under a nitrogen atmosphere for 6 hours 
for graphitization to give a carbon cloth, that is, a 
substrate for gas diffusion layer. 

Subsequently, the thus-produced carbon cloth was 
subjected to the following sequential steps to give a gas 
diffusion layer substrate: (1) a step of removing fuzz of 
carbon fiber and the random asperities by flame radiation with 
the use of a burner; (2) a step of performing a water 
repellent treatment in which the carbon cloth was immersed in 
an aqueous dispersion of fluorocarbon resin (made by diluting 
D-l with water, available from DAIKIN INDUSTRIES, LTD.) and 
then dried; and (3) a step of forming a conductive water 
repellent layer by spraying, onto the substrate, a paste-like 
conductive water repellent layer ink obtained by mixing 
acetylene black (DENKA BLACK, manufactured by Denki Kagaku 
Kogyo KK) and an aqueous dispersion of fluorocarbon resin (D-l, 
manufactured by DAIKIN INDUSTRIES, LTD.) with surf act ant -added 
water in order to form a conductive water repellent layer 
composed mainly of acetylene black powders and a fluorocarbon 
resin, and then baking the substrate in order to remove the 
surfactant therefrom and fix the conductive water repellent 
layer to the carbon cloth. The drying temperature in the 
water repellent treatment step was set at 120*0, the heating 
temperature after spraying the conductive water repellent 
layer was set at 350°C, and drying and heating time was set at 
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1 hour. FIG. 8 is a schematic system diagram showing an 
outline of the sequential treatment process including the 
surface smoothing process of the gas diffusion layer in 
accordance with Example 4. It is to be noted that the face to 
be treated from which fuzz is removed is the face on which the 
conductive water repellent layer is formed, which will 
eventually be the catalytic reaction layer side. As 
previously described, it is preferred not to remove the fuzz 
of the gas diffusion layer substrate on the separator side. 

The steps described above is explained referring to 
FIG. 8. A gas diffusion layer substrate 81 is dispensed from 
a dispensing roller member 82 and eventually wound on a take- 
up roller member 83 for gas diffusion layer substrate. First, 
the substrate 81 dispensed from the dispensing roller member 
is fed to a burner 84 serving as pre- smoothing treatment 
portion and the fuzz present on the surface of the substrate 
81 is removed by the flame radiation from the burner 84 for 
smoothing the substrate surface. The substrate 81 with the 
surface smoothing treated is immersed in an immersion bath 85 
for water repellent treatment, whereby a solution for water 
repellent treatment is applied onto the outer face of the 
substrate 81 as well as onto the internal wall surface of 
pores . The applied layer of the water repellent solution is 
dried at a drying chamber 86 to make the whole substrate 81 
water repellent. Subsequently, a conductive water repellent 
material ink is sprayed onto the outer surface of the 
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substrate at a conductive water repellent layer spraying 
portion 87 to form a conductive water repellent layer thereon . 
The substrate 81 with the conductive water repellent material 
ink sprayed thereon is heated at a heating chamber 88, whereby 
the ink is dried and cured to form a conductive water 

i 

repellent layer on the surface of the substrate. Finally, the 
substrate 81 with the conductive water repellent layer is 
wound on the take-up roller member 83. 

Using the thus -produced gas diffusion layer 
substrate, a unit cell for polymer fuel cell was produced. 
The following describes the process for producing an MEA. 

A catalytic reaction layer ink for cathode was 
prepared by dispersing a catalytic powder comprising Ketjen 
Black EC (manufactured by AKZO Chemie, Netherlands) and 
particulate platinum carried thereon in an aqueous solution of 
a polymer electrolyte, and a catalytic reaction layer ink for 
anode was prepared by dispersing a catalytic powder comprising 
Ketjen Black EC and particulate platinum and ruthenium both 
carried thereon in an aqueous solution of a polymer 
electrolyte. Different films were coated by them respectively, 
which were then dried and cut into 5 cm square pieces . The 
thus -obtained anode and cathode catalytic reaction layers were 
respectively transferred to the faces of the polymer 
electrolyte membrane (manufactured by E.I. Du Pont de Numours 
& Co. Inc.), and the films were peeled to give a polymer 
electrolyte membrane with catalytic reaction layers . 
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A gas diffusion layer substrate was cut into 5.2 mm 
square pieces so that it would completely cover the catalytic 
reaction layer when combined to form an MEA. Then, the two 
gas diffusion layers were laminated onto both faces of the 
polymer electrolyte membrane with the catalytic reaction 
layers such that the gas diffusion layer covered the catalytic 
reaction layer. On the periphery thereof was aligned and 
disposed a gasket analogous to the one in Example 1. The 
thus-obtained stack comprising them was hot-pressed at 100*0 
for 3 minutes to give an MEA. 

The MEA was incorporated into a test fuel cell in 
the same manner as in Example 1 to give a polymer electrolyte 
fuel cell (unit cell) to be used as the first embodiment of 
the present example. Hydrogen was fed into the anode side of 
the test fuel cell and air was fed into the cathode side of 
the same, whereby current density-voltage characteristics were 
measured. The conditions for the test were as follows. The 
dew point at the anode side was set at 70^, the hydrogen 
utilization rate was set at 70%, the dew point at the cathode 
side was set at 70*0, the air utilization rate was set at 40% 
and the cell temperature was set at 75^. The open cell 
voltage under such conditions was 982 mV. The measurement 
results of the current density-voltage characteristics were 
plotted to from a characteristic curve shown in FIG. 9 which 
is referred to as "Example 4". 

The test fuel cell of Example 4 was also put through 
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a continuous operation test at a current density of 0.3 A/cm 2 
for 5000 hours. The cell voltage at the beginning of the 
operation was 752 mV, and the cell voltage after 5000 hours 
was 742 mV. The results of the continuous operation test was 
plotted to from a characteristic curve shown in FIG, 10 which 
is referred to as "Example 4". 

As the second embodiment of the process of Example 4 
shown in FIG. 8, a laser radiation portion was positioned in 
the place of the burner portion 84 , instead of the burner 
portion 84 for flame radiation, in the process of FIG. 8 so 
that the fuzz would be removed by the laser radiation. Except 
that the layer radiation portion was placed instead of the 
burner portion , a polymer electrolyte fuel cell (unit cell) to 
be used as the test fuel cell of the second embodiment of 
Example 4 was produced through the same process said in the 
same manner as in the above-described first embodiment. The 
open cell voltage, the current density- voltage characteristics 
and the continuous operation characteristic of the test fuel 
cell of the second embodiment was measured under the same 
conditions and in the same manner as those of the test fuel 
cell of the first embodiment was measured. The obtained 
measurement results of the open cell voltage, the current 
density-voltage characteristics and the continuous operation 
characteristic were almost the same as those of the above test 
fuel cell of the first embodiment. 

Further, as the third embodiment of the process of 
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Example 4 shown in FIG. 8, an electric radiation heater 
portion was positioned in the place of the burner portion 84, 
instead of the burner portion 84 for flame radiation, in the 
process of FIG. 8 so that the fuzz would be removed by the 
electric heating radiation. Except that the electric 
radiation heater portion was placed instead of the burner 
portion, a polymer electrolyte fuel cell (unit cell) to be 
used as the test fuel cell of the third embodiment of Example 
4 was produced through the same process and in the same manner 
as in the above -described first embodiment. The open cell 
voltage, the current density- voltage characteristics and the 
continuous operation characteristic of the test fuel cell of 
the third embodiment was measured under the same conditions 
and in the same manner as those of the test fuel cell of the 
first embodiment was measured. The obtained measurement 
results of the open cell voltage, the current density-voltage 
characteristics and the continuous operation characteristic 
were almost the same was those of the above test cell of the 
first embodiment. 

Comparative example 2 

For comparison to the test fuel cells in accordance 
with Example 4, a test fuel cell (unit cell) of Comparative 
example 2 was produced in the same manner as in Example 4, 
except that any of the burner portion, the laser radiation 
portion and the electric radiation heater portion represented 
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by the numeral 84 was not disposed in the process shown in FIG. 
8 so that the substrate 81 dispensed from the gas diffusion 
layer substrate dispensing roller member was directly immersed 
in the immersion bath 85 for water repellent treatment. The 
open cell voltage, the current density- voltage characteristics 
and the continuous operation characteristic were measured 
under the same conditions and in the same manner as those of 
the test fuel cell of Example 4 was measured. 

From the results of the measurement, the open cell 
voltage was 870 mV, which was much lower than that of the test 
fuel cell of Example 4. The measurement results of the 
current density-voltage characteristics and the continuous 
operation test were respectively plotted to form 
characteristic curves in FIGs. 9 and 10, both of which are 
referred to as "Comparative example 2". 

As is clear from these characteristic curves, in 
terms of current density-voltage characteristics, the test 
fuel cell in accordance with Comparative example 2 had a lower 
cell voltage than that in accordance with Example 4. In terms 
of continuous operation characteristic, the cell voltage at 
the beginning of the operation was 728 mV; however, unlike 
that of Example 4, the cell voltage started to decline rapidly 
at the time of 1750 hours after the start of the operation, 
and soon after it became impossible to continue the operation. 

The above comparative tests prove that it is 
preferred to previously smooth the rough surface of the gas 
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diffusion layer substrate made of carbon fiber by heating the 
surface thereof before the gas diffusion layer substrate is 
placed on the polymer electrolyte membrane when the polymer 
electrolyte membrane is interposed between a pair of 
electrodes to form an ME A. To be more specific, it is shown 
that the pre-smoothing treatment oxidizes the fuzz of carbon 
fiber and the random asperities to remove them without 
damaging the fiber skeleton of the carbon fiber, whereby the 
micro short-circuit like the above can be prevented. 

Examples 1 to 4 and Comparative examples 1 and 2 
described above used a warp thread comprising two thin fiber 
bundles and a weft thread comprising one or two thin fiber 
bundles. However, it was confirmed in other experiments that, 
even when one bundle or an arbitrary number of bundles are 
used as the warp or weft thread, an effect analogous to that 
of the above embodiments and the above examples were obtained 
if the requirements of the present embodiment are satisfied. 

Examples 1 to 4 and Comparative examples 1 and 2 
also used a plain weave fabric as the gas diffusion layer 
substrate. However, it was confirmed, in other experiments 
which were performed in the same manner except that a twill 
weave fabric or a sateen was used instead of a plain weave 
fabric, that an effect analogous to that of the above 
embodiments and the above examples can be obtained. 

It is noted that, although the above examples used 
hydrogen and air as an example of the fuels, it was also 
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confirmed that a similar effect can be obtained even when a 
reformed hydrogen containing impurities such as carbonic acid 
gas, nitrogen or carbon monoxide is used, or even when a 
liquid fuel such as methanol, ethanol or dimethyl ether, or 
their mixture is used instead of hydrogen.. It was also 
confirmed that the liquid fuel may be vaporized previously and 
the vapor thereof can be fed. 

Moreover, the structure of the fuel cell of the 
present invention and the method for producing the fuel cell 
of the present invention are not limited to the above, and the 
effect was also obtained even when several different 
structures were used or several different production methods 
were performed if the requirements of the first, second or 
third aspect of the present invention were satisfied. 

Industrial Applicability 

A highly reliable fuel cell having high discharge 
performance in which a micro short-circuit is prevented can be 
realized by using a substrate, an ME A, a fuel cell in 
accordance with the present invention or the production method 
thereof. Furthermore, the MEA of the present invention is 
applicable to generators and purifiers of a gas such as oxygen, 
ozone or hydrogen, and various gas sensors such as an oxygen 
sensor and an alcohol sensor. 



